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Six technologies,  CCDS, optical sensors, space propulsion, materials,  hypersonic impact, and
nonlinear  modeling  which are important support technologies  relevant to planeta~  defense are
discussed  in terms of dual technolo~ utilization. It is suggested  that due to the uncertain  and long
term nature of the NEO threat, the technolo~ resources allocated  to developing  a planetary
&fense  should  also provide economic and social bene~ts. Such research and development efforts
&dicatedto  assisting critical  enabling technolo~”es  that support overall economic vitality are likely
to have the best opportuni~  for long term funding.

Introduction

The prologue to appropriate planetary defense  is the development  of a firm understanding  of the
scientific and engineering principles  involving operations in a space environment  and the nature of
the interactions with those objects which must be defended against,  ie. Earth-crossing asteroids and
comets (ECACS). For example,  some estimates of the chances of a 0.1 km or larger  ECAC colliding
with the Earth are about 10 percent per century  (Canavan, 1995). Assuming  this number to be
realistic,  to some this may still appear to be a long period of time to continually  support a defense
system with only a small  likelihood  of it actually  being used. This is because  maintenance  of such
a defense system will require  an extensive  and detailed effort involving  several areas of natural and
applied  science  as well as the application  leading  edge technologies  which must be supported over
extraordinarily  long periods  of time . If the resources allocated  to such an undertaking  is directed
purely towards  planetary defense with the initial  stages operating  totally  within and dependent  upon
the existing (space)  research and technology  development  infrastructure,  it may not be considered
economically worthwhile.  This is especially  trues for those who do not accept  the parameters of the
NEO threat. For this reason  it may be politically dificult  to support a planetary  defense  system that
does not provide  some economic  or social feedback. However, if this research  and development  is
carried out from a perspective  of dual use technology  utilization,  research  and development  in
planetary defense  can take advantage  of current  technology  as well as provide  needed  stimuli for
critical enabling  technologies,  thereby  becoming  cost effective  while providing  substantial  economic
benefits. Furthermore, if this planetary  defense system can be integrated  within ongoing  space
missions  with a reasonable  probability  of economic  return in the long term, the chances  of support
for a planetary  defense  system will increase accordingly.

This paper discusses  aspects  of some areas of science  and technology  relevant  to planetary  defense
against ECACS.  In particular,  the relevance  of charge coupled  devices (CCD) and other optical
detection  technologies,  space propulsion, materials science,  hypersonic impact, and nonlinear  dynamic
modeling are briefly described. Issues  regarding  command, control,  and communications  are also
extremely important  for planetary  defense issues. However, they are discussed  elsewhere  in the
workshop proceedings  (Canavan,  1995). In the technology  areas outlined,  it is suggested  that the



aforementioned technologies  can significantly benefit from research being carried out both in the
national/defense laboratones  as well as in the industriWcommercial  sectors.  This cooperation between
the industrial  sector and the national  laboratories  can provide  the necessary  impetus  to initiate
research  in areas critical  to technological  and commercial leadership.  For example,  the development
of the SSTO as a successor to the space shuttle,  which potentially represents  a low cost,  economically
viable, gateway to LEO (low earth orbit) could provide  economic  benefits to private  sector launch
operations.  Likewise,  the national labs with their uniquely suited facilities will be indispensable  in
carrying out basic research related to radiation and hypersonic impact experiments on ECAC-type
materials  that would  be difficult  to do at industrial  laboratories  where the research emphasis  is more
on product development  and quality control.  Related  to the above but from a slightly different
perspective  is the development  of enabling  technologies  such as the CCD and its associated  image
processing software which are internationally  market driven. Such technology  provides  excellent
commercial  opportunities,  especially  in medical  diagnostics,  public safety,  and entertainment.  Both
ground and space based planetary  defense operations  using specialized  CCDS will each provide
valuable  input into extending  commercial and civil  CCD applications.  Finally, nonlinear  analysis of
celestial mechanics, which is still  partially  in an academic stage of development  and might be
considered  somewhat  esoteric,  may generate valuable  information  for the development  of nonlinear
signal processing  and chaotic  control  methodologies.  It is therefore be suggested  that by taking  the
appropriate  and carefilly  measured  steps focused  on critical areas of technology  development,
research  involved  in long-term planetary  defense can provide  both near and long term economic  and
technological  stimuli for the aerospace and electro-optics  industries,  as well as produce better
consumer  products and services.

Dual Use Technologies

The topics  selected  for this discussion  of dual use planetary  defense applications  include  detection,
space propulsion  materials science,  hypersonic impact, and non-linear  analysis. Other very important
topics  which are not be covered  in this presentation  include  those associated  with space
communications  and operations,  searching strategies,  and overall  systems analysis, for instance.
These topics are discussed elsewhere  in the proceedings. The five technology  categories  listed below
are essentially  described  topically  with little or no detail regarding  the specifications  of designs,
observations,  experiments,  or analysis. It is not the intention  in this brief communication  to provide
a technical description  of these  technologies.  Rather,  for each of the five categories  the technology
is first briefly described,  then the planetary  defense application  is outlined,  and finally the dual use
applications  are discussed.

CCD Detection

~
The first task is to seek, detect,  track, and if possible  optically  characterize  NEOS. Earth-crossing
asteroid and comet  (ECAC) observatio~  tracking and categorization  will likely be achieved primarily
using high petiormance  large format charge coupled devices  (CCDS)  with 2560 x 1960 pixels coupled
to 1-2.5 meter class telescopes.  Automated  operation  of these  telescopes will detect the NEO and



reduce (analyze)  the data.  Those objects  which  are found  to be scientifically  unusual  and/or pose  a
possible  threat will be further analyzed  by follow  up observations  from  specialized  facilities.

Planeta~ Defense A~~lication
a) Ground based observations  - immediate need for finding  for northern  (Spaceguard) and southern

hemisphere 1024 x 1024 pixel telescopes  to maintain  observational continuity.  A proposal  to build
and install an array of nine 2,000x  2,000 CCDS at the Schmidt telescope at ESO in Chile has been
submitted. Also, plans exist to install a 1,500 x 1,000 CCD at the 67 m Schmidt telescope at
Asiago,  Italy (Hahn et al, 1995). JPL is currently  fabricating  a CCD camera system with a 43096
x 4096 pixel, 15 micron CCD to be installed  on a 1 m telescope;  the limiting visible magnitude  will
be about  22 (Helin,  1995).

b) Space based observations  - continued development  of high performance  (2560x  1960 pixel) CCDS
with enhanced  spectral  resolution  especially  in the itira-red  (Stokes and Kostishack,  1995).
GEODSS which is designed  to have a very high search rate makes it possible  to envision  an
automated production oriented  cataloging  (Darrah, 1995).

c) Radar Echoes - firnish  high-resolution  images  of near-Earth asteroids  (NEAs), substantially
improve  the accuracy  of trajectory predictions,  determine  rotation states, gross morphologies,
and, in some cases, the (metallic)  composition  (Ostro, 1995a, b).

Dual  Use A~t)lication
The development  of large format high resolution CCD technology  is a fundamental  (enabling)  electro-
optic technology  with numerous  applications  in the commercial marketplace  including  the
entertainment industry,  environmental  monitoring,  law efiorcement  surveillance,  and in industrial
production.  Versions  of this technology  adopted  for space operations  are extremely  valuable  for
evaluating  Earth resources.

In particular,  Matsushita Inc. is currently  producing  a CCD device with 10,000  half-tone  levels, as
opposed to conventional  CCDS which produce about  500 levels of halfione.  A CCD with 10,000
half-tone levels can record a composition that combines both bright and dark subjects  within the same
composition.  This capability  is especially  usefil  in detecting  passive type comets, which are highly
pervious, against a background,  e.g. star, field. Other applications  of this technology  include  pocket
size camcorders for professional  use, navigation  systems,  and medical  research sensing.

The sofiware algorithms  involved  in the sky survey will also have several applications  in industrial
automated  inspection  and quality control,  medical  image  scanning,  and basic research in materials
science.  The three-dimensiond  computer models derived  from the radar images of NEAs, in addition
to challenging  ones imagination  with the stimulus  of the unusual,  are directly applicable  to such
critical  industrial production processes as robotic  vision (active and passive)  and remote operations
either on Earth or in space.

The coupling  of an automated  CCD based optical system with interpretive  software is a key
technology  of the fiture,  and as such its applicability  to commercial, civil, social, military,  medical,
and industrial  applications  is virtually  impossible  to overestimate.



   

      

              
            

             
        

             
           

 
          

            
    

                
          

  
               

              
           

                
              

       

             
             

            
             
       

 
               

            
               
             
             

             
            

   
             

            
             

           
               



  

             
        

 

              
                 

               
              

             
          

  
         

                   
                

               
              

               
           

  
                 

              
            
             

 
               

          
              

               
              

 

 

              
                

               
                  

             



   

            
             

               

 
               

              
                 
                 

                
             

  
            
                 
     

           
   

           
         

        
            

        

  

            
                 

              
             

 
              
              

 
        
    
  

 
          

             
         



   

    
           
       

  

            
       

 
     

         
    

 
             

  
    
            
               

                 
                

              
                   

                
            
              

             
             

            
              

            
              

              
            

                
               

              
              



     

             
                
           
             

               
 

                 
                
   

           
              

         
   

              
            
              

  
          
             
       
        
            

          
                  

            
   

                 
        

             
           
               

        


